Conservation of built cultural heritage is never an easy task, especially when the subject heritage is located in a heavily developed urban area. The enduring controversy over the conservation scheme of the former Central Police Station Compound in Hong Kong has highlighted the diffi culties in achieving satisfying decisions in conservation projects by way of private sector participation. The crux of the deadlock lay in the different perceptions of the project stakeholders towards the relative importance of different decision-making criteria. In fact, many challenges of this kind associated with built heritage conservation can be modelled as multi-criteria decision making (MCDM). The main objective of this study is to present an MCDM model on the criteria for decision making, which can have many applications in heritage conservation decision making. To this end, a preliminary MCDM framework for project selection is developed using the analytic hierarchy process (AHP), which has been widely applied to MCDM in many other fi elds. Using this framework, 20 local building professionals were interviewed to solicit their views on the relative importance of the decision criteria. It is contended that the AHP provides a scientifi c approach to the quantifi cation of the relative importance of various decision-infl uencing criteria. In addition, the use of the AHP will help the government and community identify projects with the best potential to deliver satisfactory outcomes in a project selection process that is not based simply on the highest bid.
INTRODUCTION
Conservation of built cultural heritage is one of the essential factors in the long-term prosperity of a city ( Chu and Uebegang, 2002 ). Yet, it has never been an easy task to conserve built cultural heritage, especially in heavily developed urban areas. In Hong Kong, where developable land is highly limited and population is sizeable, built heritage conservation has been confronted with challenges ( Cuthbert, 1983 ; Lung, 1994 ; Hsu, 2001 ) . Largely due to economic forces and land management policy, Hong Kong has enjoyed the fruitful results of rapid development over the past four decades at the cost of losing the very social, cultural, and environmental fabric in her cityscape. Accompanied by urban growth, these development-led changes recurrently involve the destruction of idiosyncratic and signifi cant buildings and wiping out the tangible expressions of the long-ago indigenous ways of life during the colonial days of the city. Since the mid1970s, the local government has been empowered to protect cultural heritage in the city.
Nonetheless, heritage conservation is by no means an inexpensive exercise. The cost of restoring a historic building can reach tens of millions, and the annual maintenance cost can also be substantial. Given that the Asian Financial Crisis in 1997 weakened the ability of the government to deal with the ever-growing fi nancial burden arising from the conservation of cultural heritage in the territory, sole reliance on government funding was no longer realistic. Although heritage tourism has been widely proposed (eg Henderson, 2002 ; Li and Lo, 2005 ) , it still has a long way to go before it is well developed enough to fi nancially contribute conservation activities. In this light, in the late 1990s the local government started exploring opportunities for developing mechanisms for the involvement of the private sector in heritage conservation projects in Hong Kong, with a due account of the successful overseas experiences such as Covent Garden in London and Faneuil Hall in Boston. Since then, the model of public -private partnering (PPP) has been considered for tapping into resources from the private sector and imaginative ideals for turning historic assets into benefi cial uses.
In spite of its benefi ts, the PPP model does not work best in all situations. Since the Hong Kong government proposed to invite the private sector to participate in the conservation of the former Central Police Station Compound, there have been a lot of concerns and disputes over the project. The crux of the deadlock in the project rests on the lack of a fair and systematic bid evaluation scheme, particularly when numerous decision criteria are taken into account, that could satisfy the project ' s stakeholders, including the developers, government offi cials, conservationists, and general public. Against this background, the objective of the paper is to rationalise the decision-making process for built heritage conservation in Hong Kong. In fact, many challenges of this kind can be modelled as multi-criteria decision making (MCDM). In this regard, an MCDM framework is developed in this study, aiming to illustrate how decision making for built heritage conservation can be achieved in a credible manner. The extension of this framework can have many applications in heritage conservation decision making.
THE CENTRAL POLICE STATION COMPOUND AS A BATTLEFIELD
Although the legal instrument for heritage conservation in Hong Kong, that is the Antiquities and Monuments Ordinance, was enacted in 1976, the roles of conserving cultural built heritage remained in the public domain. Perhaps, the fi rst private sector involvement in the matter was the archaeological discovery in Ma Wan Island in 1993. Sun Hung Kai Properties Limited, one of the largest local developers in Hong Kong, discovered an archaeological site in the working site for a massive residential development. The developer later funded the resulting excavations ( Chu and Uebegang, 2002 ) . Since then, however, the Hong Kong government had not taken any bold and determined step to institutionalise the participation of the private sector in heritage conservation until the late 1990s. In view of the heavy defi cits in the public account after the Asian Financial Crisis, the local government had to resort to private resources to conserve built heritage which was large in scale. At about the same time, there was a growing body of research suggesting the possible economic benefi ts brought about by built heritage conservation (eg Chang et al ., 1996 ; Bizzarro and Nijkamp, 1997 ) and the possibility of having the private sector involved in the conservation process (eg Kiang, 2004 ; Aas et al ., 2005 ). An ideological change in the heritage conservation then evolved. The approach adopted by the western world has moved from ' curatorial approach ' to ' tourism business ' . In the former approach, preserving the heritage in a pristine stage is put on the top of the agenda. Financial viability and accessibility to the public are only secondary considerations ( Leask and Goulding, 1996 ) . In contrast, economic management of the heritage is the primary goal in the latter approach ( Croft, 1994 ) . The monetary gain is perceived as essential for tackling the considerable backlog of urgent maintenance and repair work.
After a lengthy consultancy study, the Hong Kong government fi nally proceeded with the PPP model for built heritage conservation, and invited the private sector to submit proposals to preserve and develop the Former Marine Police Headquarters (FMPHQ) It was the government ' s original plan to award the project through an open competitive process. The successful candidate would be awarded a 50-year land grant ( Hong Kong Special Administrative Region Government, 2004 ) . As the prudent preservation of the built heritage is the key objective of the project, the proponents were required to propose in detail how the preservation objectives could be fulfi lled. At the same time, as operations of the Compound had to be fi nancially sustainable in both conservation and occupation stages, the proponents were required to demonstrate their fi nancial capabilities to undertake the project. These requirements were determined through consultation with the Antiquities Advisory Board. In spite of these requirements, the proponents would be allowed litheness to incorporate commercial elements such as retail and entertainment facilities in the project in a creative manner, provided that these elements suited the unique character and setting of the site ( Hong Kong Special Administrative Region Government, 2004 ) . To speed up project implementation, the Hong Kong government intended to call for tenders in early 2004. According to the government ' s plan, the site would be handed over to the successful tenderer in phases in 2005. Yet, since the disclosure of the government ' s plan to the public, the local community has opposed the government ' s intent to submit the historic site to the private sector ' s whims ( South China Morning Post, 2004a, b ) . The oppositions mainly rested on the grounds that any fi nancial gain from the project had been over-emphasised and may outweigh the benefi ts of the project to the community. Upholding the primary objectives of the preservation project, local community groups requested that qualitative aspects of proposals should attract a higher emphasis than the premium in the tender assessment. The selection criteria for the successful tenderer should be reviewed to refl ect the community ' s aspirations for the future of heritage buildings before tendering. Nevertheless, the government insisted that the weightings of the criteria were reasonable. Such a controversy has put the tendering process on hold and delayed the project ' s implementation.
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THE MULTI-CRITERIA APPROACH FOR DECISION MAKING
From the above, the deadlock of the conservation project of the Compound exemplifi es obviously the divergent views of the stakeholders, namely the government, the private sector, and the community, towards the importance of different criteria of consideration. In fact, this is not the only story in the world. Ongoing decisions for urban heritage conservation are being made by different parties every day ( Hutter, 1997 ) . By their nature, these decision makers need to consider complex criteria such as integrity, reversibility, degree of intervention, fi nancial benefi ts, reliability, loading posed on infrastructure, and infl uence to residence nearby. In most cases, these criteria compete with each other. This makes the decision-making process diffi cult, particularly when a large number of criteria are involved.
Multi-criteria decision making
To ease the diffi culties in decision making involving a number of decision criteria, various models for MCDM have been developed and serve as critical decision tools for many political, fi nancial, scientifi c, and engineering revolutions, in which alternatives needed to be prioritised ( McIntyre and Parfi tt, 1988 ; Bouyssou and Vincke, 1997 ; Wong, 1999 ) . Generally, MCDM relies on three fundamental steps. What comes fi rst is the identifi cation of alternatives for the selection and criteria of decision making, according to the overall project objective or goal. For example, the objective of a conservation project is to revitalise a built cultural heritage within urbanised environs. With due observation of the project objective, a list of proposals (eg converting the heritage into a restaurant and museum with little disturbance to the heritage) is proposed, and a roll of considerations (eg congruity with the surroundings, disturbances to the historical integrity of the heritage, and the loading on local infrastructure) are identifi ed. Secondly, it is necessary to determine how the criteria affect the fi nal choice. The association between the criteria and objectives needs to be specifi ed. In this stage, questions on the formula specifi cation and assessment of the relative importance (ie the weights) of the criteria arise. Finally, the performance of the alternatives with respect to these criteria has to be evaluated and processed to provide a single rate for each alternative. Then the alternatives can be ranked.
Consider a scenario with M criteria and N alternatives. The criteria are denoted as C i (for i = 1, 2, 3, … , M ) and the alternatives as A j (for j = 1, 2, 3, … , N ). For each C i , its relative importance or weight to the overall objective of the project is given by W i . For simplicity, it is assumed that all W i values are always summed to a unity. The performance of alternative A j , as rated by the assessors with respect to the criterion C i , is denoted by a ij . As aforementioned, a single rate is essential for comparing the performance of different alternatives. This indicator can result from the aggregation of the criteria ' s weights and performance. Although there are a number of specifi cations for the aggregation for MCDM, the weighted arithmetic mean is certainly the simplest but widest used algorithm. This specifi cation is also adopted for our proposed MCDM model, and thus the fi nal preference P j of the alternative A j is given by
In other words, this preference P j is the product of aggregation if all the decision criteria are considered simultaneously. Without loss of generality, the best alternative is one characterised with the largest preference value because of the exercise of maximisation, which is built upon the assumption of additive utilities. The performance of an alternative with respect to the individual decision criteria can be rated either objectively or subjectively. As for the weightings or relative importance of the criteria, it has been a rather controversial issue. In the absence of objective empirical evidence for computing the weightings (eg the relative impact of an attribute on the success of a heritage conservation project), recourse has to be made to the use of subjective opinions from experts or laymen through multiple-criteria analysis techniques.
There has been abundant literature comparing the methods for assessing attribute weights (eg Schoemaker and Waid, 1982 ; Watson and Freeling, 1982 ; P ö yh ö nen and H ä m ä l ä inen, 2001 ). Without doubt, direct weighing (ie direct assignment of weightings to individual criteria or attributes) is the simplest approach among all. This method is usually facilitated with the use of structured checklists, and is easily understandable to laypersons. Regardless of its simplicity, however, direct weighing has been repeatedly evidenced to suffer from weighting biases ( Bell et al ., 2000 ) , and inaccuracy due to limited cognitive capacity of decision makers, particularly when the number of attributes involved in each weight determination exercise is large. At the other extreme, the multiattribute utility model can generate weighting results with a high accuracy and reliability. Founded on studies by von Neumann and Morgenstern (1947) and Savage (1954) , this approach is tailored to deal with the uncertainty among and interdependence between numerous attributes to be weighed. With the use of the multi-attribute utility model, subjective elements that tend to dominate the weight determination process can be minimised ( Shen and Spedding, 1998 ) . Even in its simplest version, nonetheless, the assessment process is still too complicated to operate. The operation of the multi-attribute utility model can be highly time consuming and expensive. In addition, the use of advanced mathematical equations in this approach limits its application to a small group of specialists.
The analytic hierarchy process: An overview
To strike a balance between theoretical robustness and practicability, the AHP is adopted for the evaluation of the criterion weightings in this study. Since being developed by Thomas L. Saaty in the early 1970s, the AHP has been widely used to help individuals and groups deal with MCDM problems (eg Saaty, 1980 Saaty, , 1988 Triantaphyllou and Mann, 1995 ) . The model is structured as a logical hierarchy with at least three levels, namely the goal, the criteria, and the alternatives, as shown in Figure 4 . The AHP helps the decision makers evaluate the importance of every criterion in an intuitive manner by incorporating both subjective and objective data into the hierarchical framework.
In this regard, the AHP adopts pairwise comparisons to determine the relative importance of the criteria for meeting the goal. Being the heart of the approach, pairwise comparisons are made between the criteria, with respect to the goal, to decide on the relative importance of one criterion versus another ( Saaty, 1980 ( Saaty, , 1988 . The information from the pairwise comparison is represented in a pairwise comparison matrix. The number of comparisons increases with that of the criteria. A total of n ( n − 1) / 2 judgments are needed to evaluate the weightings of n criteria. For these n criteria ( C 1 , C 2 , … , C n ) with their relative importance given by w 1 , w 2 , … , w n , respectively, the resultant pairwise comparison matrix is 
For instance, there are three assessment criteria X , Y , and Z for a given goal G of a project. The pairwise comparison begins with the answering of the question ' with respect to the goal G : what is the importance of criterion X over criterion Y ? ' by the decision maker. Then, similar questions ' with respect to the goal G : what is the importance of criterion X over criterion Z ? ' and ' with respect to the goal G : what is the importance of criterion Y over criterion Z ? ' are answered. Each of these pairwise comparisons involves assessing the relative importance of one criterion with respect to the other criterion using a ratio scale. A commonly used ratio scale is suggested by Saaty (1988) , as shown in Table 1 .
For instance, if a decision maker believes that criterion X is absolutely more important than criterion Y with respect to the goal G , a value of 9 to criterion A expresses this judgment. If criterion Z is moderately more important than criterion Y , a value of 3 can be assigned to criterion Z . The process goes on until all pairs of criteria have been compared. Table 2 , can be formed.
Quantifying data by using pairwise comparisons
From the pairwise comparison matrix, the eigenvector and the maximum eigenvalue could be calculated by using the eigenvector equation:
where M is the pairwise comparison matrix, max is the maximum eigenvalue, and W is the column vector of the actual relative weightings of the criteria. Details of the resolution of this equation can be referred to the eigenvector methods suggested by Saaty (1980) and Triantaphyllou and Mann (1990) . The eigenvector of each pairwise comparison matrix provides a regional priority ordering. After the results are synthesised, a global priority order of each alternative with respect to the goal is given by the synthesised eigenvector. The judgments of the decision makers are, however, often inconsistent. Therefore, Saaty (1980) proposed using a consistency ratio to gauge the degree of inconsistency in the pairwise comparison. A consistency ratio of 0.10 or less is considered acceptable; ( Saaty, 1988 ) If criterion i has one of the above non-zero numbers assigned to it when compared with criterion j , then j has the reciprocal value when compared with i - otherwise some judgments need to be revised. In fact, all the analyses above are currently facilitated by the use of computer software such as Expert Choice ® . Synthesising the results of these analyses, the relative importance of the criteria meeting the goal can be computed.
Intensity of importance Defi nition Explanation
A PROPOSED MCDM MODEL FOR CONSERVATION PROJECTS
As depicted above, the AHP is suited best to those MCDM problems in which an accurate quantifi cation of the impacts of the alternatives on the decision-making problems is not possible. As one can see, the introduction and application of the AHP is to minimise the subjective elements that are predominant in the decision-making process and to increase the transparency of the prioritisation exercise. As reasonably expected, by making the processes more objective and transparent, the public accountability of a heritage conservation project will be improved. Hence, the AHP is ideally suited to the exercise of ranking alternative conservation proposals. This section presents an MCDM model that is based on the AHP mechanism tailored for decision making in conservation projects.
Project goal and criteria for decision making
As mentioned in the previous section, a clearly defi ned goal plays an important role in the MCDM. It dictates which criteria should be selected for the evaluation and how these criteria are weighted with reference to their importance to the success of the project. Regarding the case of the Compound, the goal is to conserve the built cultural heritage in a sustainable manner. As for criterion selection, as the invitation of the private sector to participate in urban built heritage conservation is still relatively new to Hong Kong, there have been only a few local references for the criteria identifi cation. In this study, the criteria for evaluating various options were proposed based on City Planning Consultant Limited ( City Planning Consultant Limited, 1996 ) and the Antiquities and Monuments Offi ce ( Antiquities and Monuments Offi ce, 2000 ). As shown in Figure 5 , six criteria are identifi ed and used to evaluate the options provided by the private sector before the ranking was assigned. These criteria and their constituent sub-criteria are listed in Table 3 . There are some essential features of these selection criteria. First, all these criteria are of concern to the stakeholders of the conservation project. Secondly, the performance of an option on any one of these criteria can be judged independently of its performance on other criteria. Thirdly, no criterion is redundant (ie there are no two attributes that duplicate each other because they actually represent the same thing). In addition to the standard criteria listed above, some special criteria, such as legal requirements and special conservation policies, also need to be considered when assessing the option rankings. These special criteria sometimes override the standard criteria. For instance, a low ranking could be assigned to an option that does not observe the legal requirement for providing barrier-free access, whereas a higher ranking would be assigned to an option that addresses the policy need to create more tourist attractions in the territory.
Weight setting and option ranking
To illustrate how the AHP can be used for the MCDM for heritage conservation, a pilot study was conducted in the summer of 2007. Twenty local building professionals 3 were interviewed, following a set of structured procedures as shown in Figure 6 . The interviews aimed to obtain pairwise comparison judgments from the professionals. Before the start of the pairwise comparisons, the interviewees should be clearly delivered with the background and goal of the conservation of the Compound. Terms that are too technical or unconventional were also clearly explained to the interviewees. These steps are essential for ensuring the consistency of understanding of the project among the The amount of economic benefi ts generated by the project interviewees and minimising the problems of differential interpretations of the terminologies, which would otherwise affect the interviewees ' perceptions. Pairwise comparisons were carried out on both criterion and sub-criterion levels. For the criterion level, the six decision criteria, namely ' Land Use ' , ' Design and Landscape ' , ' Infrastructural Impacts ' , ' Environmental Impacts ' , ' Engineering Concerns ' , and ' Financial Performance ' , were compared with respect to the relative importance towards the project goal perceived by the surveyed professionals. At the lower level, each subcriterion was compared with one another coming under the same criterion. The sets of criterion weightings obtained from different individuals were aggregated into one by means of the arithmetic mean. The resultant criterion weightings are summarised in Figure 7 , which indicates that ' Historical Integrity ' , ' Compatibility ' , and ' Development Scale ' were perceived as the most imperative decision factors by the surveyed professionals. Of the six criteria, ' Land Use ' had the heaviest weighting.
After setting the weightings of the evaluation criteria, the decision makers can rank the options proposed by the private sector participants by rating the performance of the options on sub-criteria. Two approaches can be resorted in this exercise. The fi rst approach is to devise a rating scheme for evaluating the options based on the criteria and sub-criteria identifi ed. Each option is assessed using a 9-point scale with respect to each sub-criterion. For example, against the sub-criterion ' Compatibility ' , a score of 9 will be Figure 7 : Weightings of the sub-criteria of the decision matrix given to the option under examination if the use of the heritage perfectly fi ts the cultural and physical characteristics of the heritage, whereas a score of 5 will be given if the overall compatibility of land use is just about average. To ensure consistency of the rating, predetermined rating scales should be used and all evaluators should have a common understanding of the sub-criteria and the options to be rated.
In contrast, the second approach makes use of the AHP. In Figure 4 , the bottom level contains a set of alternative options. Pairwise comparisons can be used to explore which option is the most preferable by the interviewees. The interviewees will be asked to compare the preference towards each pair of options with respect to every particular subcriterion, which is very similar to the case when we are soliciting their views towards the relative importance of the decision criteria. The only difference is that criterion weightings are calculated from the intensities of importance inputted by the interviewees in the latter case, whereas subjective scores for individual options are calculated from the levels of preference in the former case. No matter which rating method is used, a preference index is obtained from the weighted average of the ratings and scores assigned to each option with regard to the decision criteria and sub-criteria. Generally, the most favourable proposal is the one with the highest preference index.
DISCUSION AND CONCLUSIONS
Urban heritage conservation is by no means an easy task because a number of issues have been duly observed for a sustainable project. For example, while observing the economic gains generated from the built heritage, prudent preservation of the property should not be overlooked ( Carter and Grimwade, 1997 ) . Owing to its multipart nature, urban heritage conservation often creates many diffi culties in the decision-making process. This paper offers a proposal on the MCDM methodology to deal with the complex decision-making problems for urban heritage conservation. To achieve more scientifi c and objective results, the AHP was used to decide the weightings for each criterion identifi ed with respect to the overall project objective. This approach also improves the stakeholders ' satisfaction through improved transparency in the ranking process and their increasing awareness of and participation in the process. Such a proposal is particularly timely in Hong Kong because the government launched the Revitalising Historic Buildings Through Partnership Scheme in 2007. Under this scheme, non-profi t-making organisations are invited to submit proposals on running social enterprises in selected government-owned historic buildings ( Commissioner for Heritage's Offi ce, 2007 ) . 4 In evaluating the proposals, attention is paid to how the historical signifi cance of the buildings can be brought out effectively, how the historic buildings would be preserved, the social value of the proposal and the fi nancial viability of the social enterprises, etc. In this light, the MCDM model developed in this study can be adapted to evaluate the proposals for the partnership scheme.
It is beyond any argument that the criteria used in a ranking process and their weightings may be different for various projects to refl ect the differences in the objectives, complexity, and environmental constraints of these projects. Therefore, to attempt to arrive at a universal set of weightings may be far from practical. Further studies are recommended to explore whether a universal set of criterion weightings can be applied to conservation projects of different scales and natures. Nonetheless, although the above methodology was tailored mainly to the selection of the most suitable proposals for urban heritage conservation, the concepts and principles could be extended easily to other conservation-related applications like prioritising maintenance needs for a list of historic buildings.
